The best-worst scaling method was used to investigate consumers' perceptions of the relative importance of seven different pork production and product attributes. Demographic information was then analyzed to determine which consumer characteristics were statistically significant determinants of these preferences. Of the attributes studied, animal welfare was ranked third most important following pork/food safety and taste. Consumer characteristics including gender, having a source for animal welfare information, and having purchased pork in the last year were found to be determinants of the size of the share of preference for many of the pork attributes studied.
Introduction
Consumers' levels of concern for the welfare and treatment of livestock animals continue to be a topic of conversation in the media, academic research, and throughout the agricultural industries and food marketplace. A key focus for livestock producers, marketers, and retailers alike is understanding consumer preferences for meat product attributes. Today consumers have an increased ability to make consumption choices based on information about the livestock product itself, as well as the quality of life of the animal from which the product was derived. Given the increased access to and speed of obtaining information, it is important to better understand how consumers make tradeoffs in attributes (consciously or subconsciously) when making purchasing decisions so
Materials and Methods

Survey Instrument and Data
The dataset used for this analysis was from a nationally representative U.S. consumer survey. The dataset was collected utilizing an online questionnaire, which was developed and hosted in Qualtrics at Purdue University. The survey (questionnaire) was designed to elicit consumers' preferences for various aspects of pork production, including attributes of the production system as well as attributes of meat (pork). Survey participants were contacted by Light speed GMI, the manager of a large opt-in panel. The sample was targeted to be representative of age, gender, pre-tax income and region of residency. Respondents were required to be at least 18 years of age to participate. The survey data was collected using the online survey mechanism from July 23 through August 6, 2014 . Information collected in this survey included respondent demographic information, the response to a validation question, as well as responses to a best worst scaling problem set.
A total of 1004 completed responses were collected. In total 1924 individuals clicked on the survey link (entered the survey) at some point during the data collection process, although 1004 completed the survey in its entirety during the data collection time period. Thus, 52% of those respondents who clicked on the survey link to enter the survey completed it during the data collection time period. Table 1 contains the basic demographics of the survey respondents compared with the census statistics for age [9] , gender [9] , and income [10] and geographic location of residence [11] .
Maximum Difference Scaling
Maximum difference scaling, commonly referred to as best-worst scaling, was originally used by Finn and Louviere [12] . The best-worst scaling analysis was explained more thoroughly by Marley and Louviere [13] who clarified the underlying method. The method used by Lusk and Briggeman [1] , which utilized recent advances in this type of modeling, was adapted for this analysis to ultimately determine consumers' shares of preference for each of the studied pork attributes. This method forces survey participants to make tradeoffs between attributes of a particular subject. In this analysis, participants were forced to make tradeoffs between seven pork attributes. The specific attributes involved in this study were: animal welfare, price, pork/food safety, taste, environmental impacts, locally raised/farmed pigs, and locally processed pork.
The best-worst scaling methodology has advantages over the commonly used Likert-scale-type questions or ranking-type questions which seek the same general insight. When participants are asked to rank attributes in relative importance the result is only the rank (also referred to as order). Ranking-type questions do not provide a way for understanding the magnitude of importance of the individual attributes relative to one another. It is easy for participants responding to Likert-scale types of questioning to classify all attributes as important or equally on the scale, both of which are pitfalls to the rating question type according to Lusk and Briggeman [1] . Also, the rating method scale can be interpreted differently by different individuals making the results unclear. According to Wolf and Tonsor ([14] , pg. 231) "unlike, for example, the Likert-scale-type questions, best-worst scaling is cardinal;" thus it allows the analyst to determine the ordering (or rank) of attributes in addition to establishing how important attributes are to consumers.
To determine both ordering and relative importance of the seven pork attributes for consumers, best-worst scaling was utilized. A balanced incomplete block design that optimized positional frequencies and allowed for question sets of equal size was used. Respondents were asked to indicate from a set of four pork attributes which attribute in the question (choice set) shown was the most important (best) and the attribute that was the least important (worst) to them when they purchased pork. Every respondent saw the same seven choice sets, where each choice set showed four attributes. Each attribute was shown four times within the best-worst design and all possible best-worst pairs had the potential to be made two times throughout the seven choice sets. Within each choice set respondents were unable to select the same attribute in a choice set as both the most and least important.
Best-Worst Analysis
The best-worst question presented 7 pork attributes (K) to consumers, thus 7 K = for this analysis. There was a total of ( ) 
Then, λ k was estimated with the maximum of the log-likelihood function. The pair of attributes takes on the value 1 for the pair that the individual chose as most and least important, and 0 for the remaining pairs not chosen by the participant. The estimated λ k was thus the value of attribute k relative to the attribute that was normalized to zero in the estimation of the model. Current literature suggests there is evidence of heterogeneity of consumer preferences. Therefore consumer preference models that account for heterogeneity have been utilized in many recent studies [1] [2] [6] [15] . The random parameters logit model (RPL), also known as mixed logit, is commonly used to account for heterogeneity in preferences amongst individuals. Following Lusk and Briggeman [1] the RPL model was used in this analysis to account for consumer heterogeneity. The RPL model makes modifications from the MNL form such that λ k which was the location on the underlying scale of importance of the value k in the MNL form is then specified to be different for each individual i and takes the form ik
, where the population mean and standard deviation of λ k is k λ and k σ respectively, and ik µ is the random term that is specified to be normally distributed with the mean equal to zero. Following Train [16] and Lusk and Briggman [1] ik
is substituted into Equation (1) and then the RPL is estimated by simulation. This estimation was completed in NLOGIT 5.0 using Halton draws for ik µ which seeks to maximize the simulated log-likelihood function.
The RPL model assumes that ik ε is equal to one. The random error term, however, can vary between persons and thus it is possible that the mean of the parameter estimates of λ k may be confounded with differences in scale. Thus the results from the parameter estimates in the RPL model are not easily interpretable. Following Lusk and Briggeman [1] to address the potential confound in scale the shares of preference, S, (the forecasted probability that the attribute k is chosen as best) were calculated following Equation (2) for each pork attribute examined. The shares of preference for each of the seven attributes sum to one by design. Individual consumer-specific shares of preference for each of the seven attributes as well as the mean preference share for the entire dataset are estimated 1 . Shares of preference "can be analyzed to reveal cardinal rankings and respondent characteristics associated with those rankings" ( [14] , pg. 222). Individual-specific shares of preference facilitate analysis of relationship between shares; relationships were evaluated utilizing correlations completed in SPSS.
Seemingly Unrelated Regression Analysis
To gain deeper insight into the potential relationships between the size of the share of preference for the pork attributes and consumer demographics, a seemingly unrelated regression was used. The intended goal was to determine which key pieces of demographic information were statistically significant determinants of the size of the share of preference for each of the pork attributes studied. When attempting to analyze determinants of the shares of preference for each attribute, it is possible that the standard errors could be correlated between the models. Seemingly unrelated regressions allow for simultaneous estimation of the set of models while at the same time accounting for correlated errors [17] , thus the seemingly unrelated regression was used.
The specific models used in this analysis were specified such that the dependent variables were the size of the share of preference for each attribute and the set of independent variables in each regression were the same set of key demographics along with the result of a simple validation test result (pass vs. fail) 2 . The set of specific demographic factors studied included gender, age (using 65 and older as the base category), income (with a base category of greater than $150,000), college education, pet ownership, having a source for animal welfare, diet type and pork purchasing behavior. Following the seemingly unrelated regression, Wald tests were employed such that the null hypothesis was that the coefficient estimate for an independent variable across the set of equations was concurrently equal to zero. The seemingly unrelated regression analysis and related testing was com- 1 There are two ways to calculate the mean share of preference for each attribute. One way is to calculate the mean of the individual calculated preference shares for each attribute (using individual-specific coefficient estimates obtained in NLOGIT 5.0). The second option is to use the mean parameter estimates from the RPL model. In this work the latter is used to calculate mean shares of preference for each sample as utilizing the individual-specific preference shares facilitates calculation of correlations between preference shares and demographics for individual respondents. 2 Survey respondents were asked to select the number six from the options one through seven. Those who correctly select the number six are considered to have "passed" and all others were considered to have "failed" the validation question. pleted in Stata 12.
Results and Discussions
The importance of each pork attribute was relative to the attribute locally processed pork (the least important attribute according to the estimated RPL model); results are shown in Table 2 . Since individual coefficients are not meaningful on their own, the calculation of the shares of preferences (using the mean parameter estimates) for each attribute are also presented in Table 2 . These shares of preference values were interpreted as the probability that a consumer would select the attribute as most important. For example, the size of the share of preference for Pork/Food Safety was 0.406, meaning that the probability that a consumer would select pork/food safety as most important (out of the list of attributes) was 40.6%, approximately. The relative ranking of the pork attributes from most important to least important was as follows: pork/food safety, taste, animal welfare, price, environmental impact, locally raised pigs and locally processed pork. The mean preference share for animal welfare was ranked third largest following pork/food safety and taste, and immediately preceding the attribute price. It is not surprising that pork/food safety was most important to consumers; this remains consistent with many previous studies including Lusk and Briggeman [1] who found that food safety was approximately twice as important as the next two most important attributes of price and taste. In our analysis, the attribute, animal welfare, was ranked in the midst of the top three food values found by Lusk and Briggeman [1] which implies that animal welfare in livestock-derived food products, particularly pork, is important to consumers.
To gain deeper insight into potential relationships among shares of preference for the seven attributes studied, correlations amongst individual-specific preference shares were analyzed. The correlations (and their significance) between shares of preference are shown in Table 3 . The size of the share of preference for animal welfare was statistically significant and negatively correlated with the size of the share of preference for the attributes, price, safety, and taste; meanwhile, it was statistically significant and positively correlated with the size of the share of preference for environmental impact, locally raised/farmed pigs and locally processed pork. The size of the share of preference for price was statistically significant and negatively correlated with the size of the share for all other attributes, excluding taste; this is reassuring in that participants that had larger preference shares for price tended to trade it off with the other attributes, as would be expected.
Exploring Determinants of Relative Preferences for Pork Attributes
To gain deeper insight into the potential relationships between the size of the shares of preference for the pork attributes and consumer demographics, the seemingly unrelated regression was completed. Coefficient estimates, "R-squared", and chi 2 -statistic information for the seemingly unrelated regression are displayed in Table 4 . Each model has a chi 2 statistic which is statistically significant at the 0.1% statistical significance indicating that the set of independent variables in each model are statistically significant. Immediately following the regression analysis, the set of tests was completed to determine if each independent variable was statistically different from zero across all models. The null hypothesis was that the coefficient estimate for an independent variable across the set of equations is concurrently equal to zero. The resulting p-values from these tests are presented in Table  5 . If the value is less than 0.05 then it can be interpreted as the coefficient estimates associated with the particular variable examined was statistically different from 0 across all of the seven models.
Results from the seemingly unrelated regression revealed that being male and having purchased pork in the previous year were statistically significant determinants of the size of the share of animal welfare and had negative coefficient estimates. This finding supports those by Vanhonacker et al. [4] who found that men attached less importance to animal welfare relative to other production characteristics of livestock products than did women. Vanhonacker et al. [4] also found evidence of differences between consumption of meat products and concern for animal welfare which indicated that heavy meat consumers cared less about animal welfare relative to other production characteristics when compared with individuals reporting moderate or low meat consumption. Statistically significant determinants of the size of the shares of animal welfare preference with positive coefficient estimates included individuals in the age category 25 -44 years old, individuals selecting income $50,000 to $74,000, having a source for animal welfare information, owning a dog, and owning a cat.
It is expected in primary data collection that the researcher make efforts to obtain the best data quality possible. Both survey design and data collection techniques are important elements commonly discussed regarding obtaining quality data. Guidelines for survey development, design, and administration so as to improve data quality have been discussed by many, including Dillman [18] . Various validation methods have been investigated in order to help identify participants who are not responding sincerely. The use of different data improvement methods and enhancements to these methods continue to be analyzed for the impacts in data quality improvement. The recent focus on attribute non-attendance in choice experiments [19] [20] and the study of relatively simple validation questions [21] is evidence of interest in enhanced data quality controls. Validation questions are simple questions embedded within the survey or data collecting instrument to identify participants who are alert, reading, and understanding survey questions. These questions are simple to incorporate, do not take long for participants to answer, and the results (passing or failing the validation question test) can be applied to multiple questions or aspects of the survey. In their study of consumers' willingness to pay for different animal products, Gao, House, and Bi [21] found, when examining the impact of a validation test, that there were differences between those who passed and those who did not pass the validation test. Gao, House, and Bi [21] suggested that the inclusion of a validation question would be a way to "detect careless respondents in the survey and improve data quality". Thus, one question in the survey asked respondents to select the number six from the options one through seven. Those who correctly selected the number six were considered to have "passed" the validation test. Those who did not select six were considered to have "failed" the test. Eighty-five percent of respondents passed the validation test question. In addition to demographics for the entire sample, Table 1 displays the summary of those who passed the validation question. Statistically significant correlations existed between passing the validation test and income (positive correlation relationship), age (18 -44 was negatively correlated with passing, age 65 years and older was positively correlated with passing the validation test), as was higher education at the 5% significance level. This finding is similar to Gao, House, and Bi [21] who found that respondents who failed the validation test tended to be younger, less educated, and had lower incomes.
Overall, passing the validation test question was a statistically significant determinant in each of the models evaluated. Thus this implies that passing the validation test is a statistically significant determinant when predicting the shares of preference for each of these seven pork attributes and implies that making use of a simple validation question within a best-worst analysis has the possibility of impacting the results.
While some people choose not to eat livestock-derived products, or meat products, there are many different reasons why individuals may choose to not purchase pork specifically. For example, religious beliefs may prohibit the consumption of pork products, individuals may not like or enjoy pork (relative to other meats), or consumers may be opposed to eating pigs (but find eating other species acceptable). Thus, pork consumption and purchasing was studied specifically by asking respondents to indicate if they had purchased pork in the past year. Eighty-three percent of respondents indicated they had purchased pork within the last year. Results indicate that having purchased pork in the last year was a statistically significant determinant of the size of the share of preference for the attribute animal welfare and had a negative coefficient estimate. Kendall, Lobao, and Sharp [5] found that a key determinant of attitude about animal welfare was people's animal related experiences, including pet ownership. Rothgerber and Mican [22] examined the relationship between pet ownership (primarily focusing on childhood pet ownership) and its relationship to empathy towards animals and meat avoidance in adulthood. They concluded that connections to living animals and empathy for animals were related to pet ownership, but that "these affections for living animals did not transfer to decisions about whether to eat them" [22] . Given the implied linkage between pet ownership and stronger preferences for animal welfare, the current analysis included pet ownership (dog ownership, and cat ownership) as predictors of the size of the share of each attribute. McKendree, Croney and Widmar [8] found that 48% of households owned a dog and 41% of households owned a cat in the United States. Similarly, in this sample, 40% of participants owned cats and 46% of participants owned dogs. The results of the multivariate multiple regression revealed that owning a dog or cat were both statistically significant determinants of the size of the share of preference for animal welfare and both had positive coefficient estimates. Therefore, these results support the notion of a linkage between pet ownership and concern for animal welfare.
In McKendree, Croney and Widmar [8] pet owners (owners of dogs and/or cats) were found to be statistically more concerned for livestock animal welfare than non-dog and/or cat owners. They hypothesized that owning a pet may then also be related to seeking out animal welfare information given that pet owners more frequently reported having a source for animal welfare information. In addition, they examined relationships between reported concern for animal welfare and primary sources of animal welfare information. Their study found that an individual's level of concern for animal welfare was related to whether or not they had a source for animal welfare information, but no statistical differences were found between which sources was used [8] . In our analysis, 46% of the participants indicated that they had a primary source for animal welfare information. Given the potential impact of having a source for animal welfare information and the importance of the different attributes, the multivariate multiple regression included a predictor variable which was called "Has a source for animal welfare information" and was given a 1 if the individual indicated they had a source for animal welfare information, and 0 otherwise. The variable of having a source for animal welfare information was a statistically significant determinant of the size of the share of preference for the attribute animal welfare and had a positive coefficient estimate, which supports the previous findings. In addition, having a source for animal welfare information was also a statistically significant determinant in models predicting the size of the share of preference for the attributes environmental impacts, locally raised/farmed pigs, and locally processed pork. In each case the variable had a positive coefficient estimate. Having a source for animal welfare information was a statistically significant predictor of the size of the share of price, but had a negative coefficient estimate.
The size of the share of preference for locally processed pork had the most similar set of statistically significant determinants to the share of animal welfare. In addition to having a source for animal welfare, owning a dog or cat, was also statistically significant with positive coefficient estimates determinants of the size of the share of locally processed pork. Similar to determinants of the size of the share for animal welfare, having purchased pork in the last year was also a determinant of the size of the share for locally processed pork (and the size of the share of environmental impacts) with a negative coefficient estimate. Being vegan was a statistically significant predictor of the size of the share of environmental impacts, locally raised/farmed pigs and locally processed pork and in each of these three models had a positive coefficient estimate. Indicating that one was vegetarian was also a statistically significant determinant of the size of the share of environmental impacts and had a positive coefficient estimate.
The attribute of price ranked fourth most important following pork/food safety, taste, and animal welfare, but preceding environmental impacts, locally raised/farmed pigs and locally processed pork. The statistically significant determinants with positive coefficients for the size of the share of preference for price were male, 45 -64 years old compared to 65 years or older, and lower pre-tax income (compared with income of $150,000 or more). Determinants of the size of the share of preference for price with negative coefficient estimates were having a source for animal welfare information and passing the validation test. The coefficient estimate sign was generally opposite of the sign for each attribute when predicting shares of preference for the other attributes, which makes sense given that the size of the share of preference for price was found to be negatively correlated with the majority of the other shares of preference for the different attributes.
Pork/food safety was found to be the most important attribute, in keeping with other studies of consumers' preferences or concerns for animal products. Of the independent variables examined, being male, being in any of the age categories (other than 65 years and older), being college educated, and indicating household pretax income of $25,000 to $34,999 or $35,000 -$49,999 (compared to pretax income of $150,000 or more) were all statistically significant determinants of the size of the share for pork/food safety with negative coefficient estimates. Having purchased pork in the last year and having passed the validation test were the only statistically significant determinants with positive coefficient estimates.
Taste was also ranked as one of the most important attributes. Seemingly unrelated regression results revealed that being male and having purchased pork in the previous year were statistically significant determinants of the size of the share of taste and had negative coefficient estimates. Independent variables associated with four income categories (less than $25,000, $25,000 to $34,999, $50,000 to $74,999, and $75,000 to $99,999) (compared to the income category $150,000 or more) as well as having passed the validation test were found to be statistically significant determinants of the size of the share of preference for taste.
Conclusions
Given consumers' increased interest in and abilities to make purchase decisions based on information about how food producing animal are reared, this study attempted to expand current understanding about what factors might be related to consumers' preferences, and the relative importance to consumers of different production and product attributes of pork when making consumption choices. Furthermore, these findings support the notion that making use of a simple validation test can provide different results, ultimately assumed to be more accurate.
The best-worst scaling method was used to determine the cardinal order and share of preference for the seven pork attributes studied: pork/food safety (40.6%), taste (21.522%), animal welfare (15.6%), price (9.7%), environmental impact (5.1%), locally raised/farmed pigs (3.9%) and locally processed pork (3.6%). It is imperative to understand the level of importance placed on animal welfare, in particular, to further understand consumer's preferences when purchasing livestock products and specifically pork products, given the media coverage and attention to pork production practices in the recent past. The mean parameter estimate for animal welfare was ranked third in importance following pork/food safety and taste and prior to price, implying that when consuming livestock products, animal welfare is an important attribute to some consumers.
This examination of the shares of preference for pork attributes in the U.S. found that determinants in explaining the size of the share of preference for these different attributes included different consumer's demographics, pet ownership and sources of animal welfare information. These findings support previous studies which found a relationship between pet ownership and concern for livestock animal welfare. The majority of U.S. consumers did not have a primary source for animal welfare information, but having a source for animal welfare information was found to be a determinant with a positive coefficient estimate for each of the following attributes: animal welfare, environmental impacts, locally raised/farmed pigs and locally processed pork. Overall, consumers' relative level of importance placed on animal welfare was predicted by gender, age, having a source for animal welfare information and having purchased pork in the past year.
